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The genus Duchesnea（Rosaceae）, consisting of
D . chrysantha（Zoll. et Moritzi）Miq. and D . in-
dica（Andrews）Focke, occurs throughout Japan
（Naruhashi 2001）. Duchesnea indica is com-
monly found in places with low light conditions
such as forest margins, woodlands, etc. as com-
pared to D . chrysantha which prefers sunny
places such as open sites in paddy fields and
around houses（Sugimoto and Naruhashi 1982 ;
Naruhashi and Takano 1987 ; Kume et al.
1987）. Sugimoto and Naruhashi（1982）reported
that D . chrysantha showed higher growth from
seeds to seedlings than D . indica in the germi-
nation experiments with light using cheesecloth.
From the point of the differential adaptations to
light conditions within their own habitats, the
reaction to light intensity in seed germination of
both species is interesting.
Kojin（1992）reported that seeds of D . chrysan-
tha required light for germination while seeds of
D . indica hardly germinated even in light. She
further reported that 25℃ was the optimum
temperature for germination of seeds under con-
stant temperature regimes ranging from 20℃ to
35℃，although extremely low germination rates
were observed throughout the experiments（Kojin
1992）.
Similarly, in our preliminary examinations on
two Duchesnea species, their seeds never or
hardly germinated even under constant tempera-
ture at 25℃, in spite of ample light and mois-
ture conditions, and the germination of seeds
was not accelerated by a chilling treatment.
These results suggest that the other factors may
strongly act on seeds to break their dormancy in
two Duchesnea species. Several studies have
demonstrated that seeds show high germination
rates only when alternating temperature pre-
vails（Steinbauer and Grigsby 1957 ; Matumura
et al. 1960 ; Pons and Schröer 1986）. Some
seeds undergo changes in their germination re-
sponses during dry storage at room tempera-
tures（Roberts 1965）. In Viola rafinesquii, fresh
seeds did not germinate at any temperature, but
after 4 months of dry storage they germinated to
a maximum of 94%（Baskin and Baskin 2001）.
In the present study, we examined the germina-
tion traits of two species to clarify effects of al-
ternating temperature regime and time after
harvest on germination rates.
Seeds of many species were reported to have
remained viable for considerable periods in the
soil（Turner 1933 ; Fenner 1992）. Kasahara
（1977）reported that the seeds of D . chrysantha
from a habitation site in late Yayoi Era（1,800
years ago）could germinate. We also examined
the life span of viable seeds after they had been
buried in the soil.
Materials and methods
We preliminary tested the effect of alternating
temperatures in 12 hr intervals on germination
of seeds in both species as the following tem-
perature regimes ; 4℃/25℃, 4℃/30℃, 4℃/35℃,
4℃/40℃, 11℃/25℃, 14℃/25℃, 17℃/25℃, 17℃/
30℃, 17℃/35℃, 17℃/40℃, 20℃/25℃, 20℃/30℃,
25℃/30℃, 25℃/35℃, 25℃/40℃, 30℃/35℃, 30℃/
40℃, and 35℃/40℃. Of these, we found that
seeds under alternating temperature 17℃/25℃
showed the highest rate for germination among
the regimes. This temperature 17℃/25℃ is
thought to be near to the daily minimum/maxi-
mum temperature in the fruit-maturing period
in Duchesnea, and also to the temperature of
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closely the later period ; i.e., after seed dispersal
period. Therefore, we adopted this alternating
temperature, 17℃/25℃, for the following experi-
ments.
Experiment 1. Do alternating temperatures en-
hance seeds to germinate in Duchesnea species?
Seed samples were collected from the field of
Educational Practice Center, Toyama University
（36°41’ N, 137°11’ E, Toyama City, Toyama Pre-
fecture, 15 m above sea level）on 9 June in 1987
（D . chrysantha）and 22 June in 1987（D . indica）.
They were dried in room temperature and kept
in the room. The seeds with different ages ; i.e.,
just after harvest, 3 months after harvest, 4
months after harvest and 5 months after harvest,
were used for this germination experiment to de-
tect the time effect. Some of them were kept in
refrigerator at 4℃ for three months with moist
condition and used for the experiment in buried-
soil condition as described below the section.
The seeds were sterilized for 20 min using 2%
sodium hypochlorite solution, and were trans-
ferred to sterilized 1% agar media with distilled
water in a test tube. Operations were done on a
clean bench and seeds were kept at constant
temperature of 25℃ or at alternating tempera-
tures of 17℃ for 12 hr following 25℃ for 12 hr
under continuous light condition in an incubator.
One hundred seeds for each sample were sown
and germination rate was scored after 50 days.
In this paper, the word, “seed” is botanically
equivalent to fruit（achene）.
Experiment 2. How long do seeds of Duchesnea
live in the soil?
Seeds of D . chrysantha and D . indica were
collected at Chiharazaki in Toyama City,
Toyama Prefecture（36°44’ N, 137°13’ E, river
side of Jinzu-gawa, c. 1 m above sea level）on 16
June in 1986. We filled two small bottles of 30 cc
volume with the seeds. The number of seeds of D.
chrysanta in the full bottle was presumed to be
about 130,000（c. 36 g）and that of D . indica
about 110,000（c. 39 g）. These seeds were mixed
with soil composed of Kanuma（some kind of
soil）, Kiryuzuna（some kind of sand）, leaf mould,
and sterilized common soil（1 : 1 : 2 : 2 in volume）.
Then we put the soil with seeds in #10 sized-
flower pot（31.0 cm in diameter, 20.5 cm in
height）. Two pots were sunk into the ground at
open places with moderate conditions in light
time and in moisture. The surface of the pots
was exposed to the sun and was kept moist by
irrigation. The number of germinated plants was
counted in June to August in 1986. From the
next year in April or May the soil was collected
and mixed and again put in the same pot. The
experiment was conducted in the same manner
as described from 1986 to 2002.
Results and discussion
Experiment 1. Do alternating temperatures en-
hance seeds to germinate in Duchesnea species?
Results of the germination experiments of
seeds immediately sown just after harvest, 3
months after harvest, 4 months after harvest
and 5 months after harvest, were shown in Figs.
1―4, respectively. Most of seeds germinated un-
der alternating temperature regimes without re-
gard to sowing time（i.e., seed age after ripening）
in D . indica（more than 80% germination rate at
50 days after sowing）. However, seeds of D .
chrysantha showed lower germination rate even
in alternating temperature regimes（less than
40% germination rate with the exception of
seeds sown immediately）, and at 50 days after
sowing the germination curves of the seeds sown
3 and 4 months after harvest did not reach the
plateau（Figs. 2 and 3）.
Although D . indica showed higher germinabil-
ity than D . chrysantha, alternating tempera-
Fig. 1. Germination rate of Duchesnea seeds sown
immediately after harvest.
○：D . chrysantha, alternating temperatures at 17
℃―25℃.
●：D . chrysantha, constant temperature at 25℃.
△：D . indica, alternating temperatures 17℃―25℃.
▲：D . indica, constant temperature at 25℃.
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tures appeared to enhance seeds to germinate in
both species. It is so far well known that alter-
nation in temperature affects breaking of seed
dormancy markedly（Harrington 1923 ; Mori-
naga 1926 ; Steinbauer and Grigsby 1957 ;
Thompson 1969, 1974 ; Taylorson and Hen-
dricks 1977 ; Thompson et al. 1977 ; Roberts
and Benjamin 1979 ; Thompson and Grime
1983 ; Pons and Schröer 1986 ; Probert et al.
1986 ; Probert 2000 ; Baskin and Baskin 2001）.
Even in seeds of D . indica sown 5 months af-
ter harvest, the germinability hardly declined
under alternating temperature regimes, while
the ability decreased as the seeds became older
in D . chrysantha. This suggests that the seeds
of D . chrysantha have short longevity or quick
entering dormancy. In D . indica the seeds of im-
mediate sowing show 0 % of germination rate
under constant temperature, while the seeds
sown 3, 4 and 5 months after harvest show 20―
30 % of germination rates under the same condi-
tion. This result seems to prove that time
elapsed after harvest and prior to sowing may be
regarded to have the same effect as alternating
temperature.
Figure 5 shows the germination patterns of
the seeds of two species that were stored at 4℃
for three months with moist condition. These
seeds in both species showed earlier awakening
for germination and acceleration for germination
in the earlier days as compared with dry seeds
kept in room shown in Figs. 1―4. Comparing
with seeds kept for 3 months in room tempera-
ture, D . chrysantha showed a remarkably higher
germination rate. This suggests that the seeds
may highly germinate when seeds are buried un-
der soils.
Experiment 2. How long do seeds of Duchesnea
live in the soil?
The number of germinated plants from 1986 to
2002 on the pots was shown in Table 1. Both
species showed that most seeds germinated dur-
ing the first three years, and less germinated af-
ter the following years ; low number of germi-
Fig. 4. Germination rate of Duchesnea seeds sown
5 months after harvest.
Symbols are the same as in Fig. 1.
Fig. 2. Germination rate of Duchesnea seeds sown
3 months after harvest.
Symbols are the same as in Fig. 1.
Fig. 3. Germination rate of Duchesnea seeds sown
4 months after harvest.
Symbols are the same as in Fig. 1.
Fig. 5. Germination rate of Duchesnea seeds sown
3 months after harvest and stored in cold（4℃）
and moist condition.
Symbols are the same as in Fig. 1.
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nated plants was observed after 1988 with the
exception in 1992. The variation in numbers of
germinated plants may be caused by severe ger-
mination condition, such as continuous strong
sunshine and dryness. In any case, we found
that some of seeds of Duchenea had viability
（germinability）for 13 years ; 8 juvenile plants in
D . chrysantha and 5 ones in D . indica were ob-
served in 1999.
The duration of the germinability, i.e., period
between the days of the first and the last germi-
nation, is thought to be longer in D . chrysantha
than in D . indica. Moreover, the germination
rate was lower in D . chrysantha than in D . in-
dica. However, the germination rate of seeds
stored for three months at 4℃ was a slightly
higher in D . chrysantha than in D . indica（Fig.
5）. Thus, Alternating temperatures are impor-
tant for germination of Duchesnea seeds, espe-
cially in D . chrysantha.
Ishikawa and Naruhashi（2003）reported that
seeds of D . chrysantha are myrmecochorous
judging from the fact that ants frequently re-
moved seeds and viable seeds were found at a
depth from 0 to 40 cm in the soils. Buried-soil
seeds of both species of Duchesnea were dead af-
ter 14 years in the present experiment. The 14-
year longevity of the seeds is not long as com-
pared with the 1,800-year longevity reported by
Kasahara（1977）. This short longevity may be
caused by the effect of alternating temperatures
to the seeds stirred with soil every year. If the
seeds of D . chrysantha are kept under constant
temperature, the germinability of the seeds may
keep longer. And seeds that have been moved
onto the surface of the soil or near the soil sur-
face depending on stirring soils by farming, are
believed to be enabled to germinate by the effect
of alternating temperatures.
The ecological significance of alternating tem-
perature for seed germination is generally con-
sidered to lie in the ability to detect depth under
soil surface by signal of big difference of tem-
perature within a day（diurnal range）, i.e., detec-
tion for bare ground and gaps in the vegetation
（Dubey and Mall 1972 ; Thompson et al. 1977 ;
Váquez-Yanes and Orozco-Segovia 1982 ; Washi-
tani 1989）. Such seeds are reported in weeds
（Matumura et al. 1960 ; Taylorsen and
McWhorter 1969 ; Dubey and Mall 1972 ;
Thompson et al. 1977 ; Pons and Schröer 1986）.
The seeds of Duchesnea exist in the soil and
they are germinable（Kasahara 1977 ; Ishikawa
and Naruhashi 2003）.
According to our preliminary examination for
germination, seeds of D . chrysantha have never
germinated under darkness with alternating
temperature, whereas in D . indica seeds of 3, 4
and 5 months after harvests germinated slightly
（c. 10%）under darkness and alternating tem-
perature. Kojin（1992）also reported that the
seeds of D . chrysantha required light for germi-
nation.
From the point of seed germination, each spe-
cies of Duchesnea seems to be well adapted to
their habitats. Especially D . chrysanta is en-
abled to germinate in sunny places, such as open
sites in paddy fields, other fields, parks, gardens,
and open places around houses.
We are grateful to Mr. Mitsuru Kadoya and
Ms. Tomoko Iwata for their helps in experiment,
and to Mr. Mamoru Sugimoto and Dr. Madjit
Hakki for their critical reading and valuable
comments on the manuscript.




















































Table. 1. Number of germinated plants from buried
-soil seeds in Duchesnea
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ヘビイチゴ Duchesnea chrysantha は比較的日
当たりの良い水田や畑の畦に生育の中心があるのに
対し，ヤブヘビイチゴ D . indica は道端や樹林の林
縁や林床等比較的暗い環境に生育している（杉本・
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